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The performance of the tracking algorithms as a function of
luminosity, L , is studied. The efficiency of all algorithms degrades
linearly up to L = 1× 1033 cm−2s−1. At higher luminosities the
efficiency falls more rapidly.
1 Introduction
In this note the performance of the LHCb tracking system versus luminosity
is investigated. Such a study is of interest for two reasons. First, if the
detector performs well at the nominal luminosity of 2× 1032 cm−2s−1 it may
be worthwhile to run at higher luminosity. Second, there is interest within the
collaboration of running an upgraded detector at very high luminosities. In
this context it is of interest to study the performance of the current detector
at luminosities up to 2 × 1033 cm−2s−1. Studies show that at a luminosity
of 2 × 1033 cm−2s−1 occupancies in the Outer Tracker reach 40 % in the
hottest part of the detector [1]. This presents a considerable challenge for
track reconstruction.
The studies in this note were carried out using:
• A sample of 25000 events generated at the default LHCb luminosity
of 2× 1032 cm−2s−1.
• Samples of 500 inclusive b events generated at luminosities of 5, 8, 10,
20 ×1032 cm−2s−1.
For reconstruction Brunel v31r0 and XmlDDDB v30r14 were used with some
caveats related to the T seeding algorithm. By default several cuts are applied
to reject high multiplicity events and hot-spots in the detector to reduce the
reconstruction time [2]. At very high luminosity these cuts will reject either
a large fraction of events or sizable regions within events. Therefore, in
these studies the cut on the total event multiplicity is removed and the cuts
against Outer Tracker loosened: regions of the Outer Tracker where up to
eight adjacent straws are hit and modules where the occupancy is up to 50 %
are kept. No further attempt is made to tune the reconstruction performance
for the increased luminosity.
Performance numbers are quoted for particles within the ’Long Track’ accep-
tance as defined in [3]. Efficiencies and ghost rates are calculated according
to the definitions given in [3]. Numbers are given for the VeLo tracking [4],




Fig. 1-5 show the performance versus luminosity for the various algorithms.
For each algorithm four sets of points are shown: the event weighted effi-
ciency, the event weighted ghost rate, the predicted efficiency and the pre-
dicted ghost rate. The latter are estimated using the sample generated at
2 × 1032 cm−2s−1. By binning this sample in terms of the number of visi-
ble interactions the performance at any luminosity can be estimated. This
procedure assumes that the only factor that effects the performance is the
number of visible interactions. Specifically, it does not taken into account
the increase in spillover which is linear with luminosity.
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Figure 1: VeLo Tracking performance versus luminosity.
In all five cases the performance degrades as the luminosity increases. The
most robust algorithm is the VeLo tracking. In this case the efficiency de-
creases only by 2.7 % at L = 2 × 1033 cm−2s−1 compared to the value at
the nominal luminosity. However, the ghost rate increases from 4.6 % to
22 %. The fact that the VeLo tracking remains robust even at very high
luminosities reflects the high segmentation of this detector. For the four
remaining algorithms as the luminosity increases from 2 × 1032 cm−2s−1 to
1 × 1032 cm−2s−1 a linear fall of in efficiency together with a linear rise in
ghost rate is observed. Above this luminosity the efficiency falls more rapidly.
For all of the algorithms the predicted efficiencies and ghost rates diverge
from the found values above a luminosity of 5 × 1032 cm−2s−1. This is due
3
to the effect of increased spillover that further increases occupancies and
detector dead-time.
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Figure 2: T-Seeding performance versus luminosity.
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Figure 3: Track Matching performance versus luminosity.
The momentum resolution, δp/p, has also been studied as a function of lu-
minosity (Fig. 6). It can be seen that above 5×1032 cm−2s−1 the momentum
resolution degrades. This reflects the fact that pile-up effects are increased.
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Figure 4: Forward Tracking performance versus luminosity.
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Figure 5: Long Tracking performance versus luminosity.
For example there is an increased probability to associate wrong hits to a
track.
Finally, the processing time of the Seeding, VeLo tracking, Matching and
Forward Tracking has been studied. The results are shown in Fig. 7. It
can be seen that as the luminosity is increased from 2 × 1032 cm−2s−1 to
2× 1033 cm−2s−1 the processing time increases by an order of magnitude.
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Figure 6: Momentum resolution versus luminosity.
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Figure 7: Algorithm time versus luminosity. All numbers are obtained on a
2.8 GHz, Intel-Xeon machine that is running CERN Scientific Linux version
4.
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